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T.L. Lavy

2208 Sweetbriar
Fayetteville, AR 72701
December 3, 1984

Dr. Barclay Shephard
Office of Env, Medicine
Veterans Administration
810 Vermont Ave.
Washington, D.C. 20420

Dear Barclay:

1 am pleased to send you this final copy of my monograph “Human
Exposure to Phenoxy Herbicides." [ hope you are able to get this
published as soon as possible since some of the information is already
becoming outdated.

At times it seemed like this was a never ending task. Recapping
for you - in July 1983 I completed the first draft of the entire
monograph. It was returned to me for revisions about January 1, 1984
after Dr, Shelden Wagner edited it. I made many of the changes
suggested and then returned it to the V.A. around April 1, 1984.

After that time I'm not exactly sure what happened at the V.A.; why it
happened and why it took so long. After finally receiving Alan
Fitzgibbens comments and suggestions I was shocked and disappointed at
the revisions he was demanding. 1In all of that confusion somehow the
incorrect, unrevised version of Chapter 5 kept getting into your
hands. As I indicated to you following my trip to Florida in
February, major revisions were made, but somehow they didn't get to
you. '

A significant step forward occurred when ! learned I no longer had
to interact with Mr, Alan Fitzgibbens. I labored extensively over his
reactions, comments, suggestions, and threats. Since my April revi-
sion 1 have put in 96 dedicated hours to completing this monograph.
Conservatively, I can truthfully say that Fitzgibbens diversions have
cost me at Yeast 60 hours of work. Originally I tried hard to attempt
to revise it in the manner he was requesting., After his dismissal I
was able to concentrate on completing my task.

If further revisions are required I will be able to work on it
further at an additional expense to the Veterans Administration.



Dr. Barclay Shephard
December 3, 1984

Please call me if you have any questions or if I can be of
assistance in getting this pubiished.

Truly yours,

/

Professor

TLL/§lu
cc: Dr. Al Young
Dr. Layne Dresh
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T.L. Lavy

2208 Sweetbriar
Fayetteville, AR 72701
December 3, 1984

Dr. Al Young

1498B

Edwards Place

Bolling Air Force Base
washi?gton, D.C. 20336

Dear h1:
Pﬁease give me your opinion on the following:

1) At one time you indicated that we needed to indicate why I was
seflected to write the monograph. 1 am not sure it is appropriate
orl necessary.

2) Is the Table of Contents too detailed? | do not object to drasti-
cally cutting the Table of Contents for Chapters 1-5, but for the
Appendix I would like to preserve the entire 1ist of questions as
currently listed in the Table of Contents. Note that I have also
lTisted them at the beginning of the Appendix. Perhaps this is too
redundant. Should I omit them from the beginning of the Appendix?

3) Especially look at: My interpretations of the controversy Chapter
1, Chapter 5, Appendix A-54. o ..  ,i ° ~

Thanks for your assistance.

Truly yours,

T.L. Lavy
Professor

TLL/ju

Enclosure

P.S. 1 wish to thank you for your part in getting me geared up to
write the monograph, your suggestions, and encouragement,
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PREFACE

The primary intent of this monograph is not to present new infor-
mation in a manner which will stimulate the scientific community but
rather to communicate with those in other disciplines who have an
interest in of concern for those who have been or believed to have
been exposed to phenoxy compounds or the associated dioxin con-
taminants,

The goal of this monograph. is to provide information to the reader
which will allow him to better evaluate the facts and fiction which
surround the use of phenoxy herbicides employed in crop production,
The reader will have a better understanding of the toxicity associated
with these compounds after considering some of the physical and chemi-
cal properties of the phenoxy herbicides, taking an in-depth look at
their fate in the environment, and evaluating animal feeding trials in
which the phenoxys make up a portion of the food supply.

Since the phenoxy herbicides have been used by agriculture for
nearly 40 years, volumes of research projects have been completed. An
evaluation of animal feeding studies and discussion of industrial
exposure accidents accompanied by over 15 years of historical follow-
up of those humans who have inadvertently been exposed to high levels
of dioxin provide an extraordinary opportunity to view the effects of
phenoxy compounds and their contaminants on man and other animals.

Emphasis is placed on evaluating the kinds and amounts of exposure
received by pesticide applicators. By thoroughly measuring the levels
of exposure being received by this group of workers, who routinely

apply phenoxy herbicide for their means of liviihood, we are examining



those most likely to receive health threatening levels. Others not
associated with phenoxy spraying would be expected to receive much
less exposure. In this monograph special effort is devoted to dif-
ferentiating between exposure and dose., Clarity regarding these con-
cepts will provide us a better opportunity to assess the potential
health effects of phenoxy herbicides on the human body.

Personnel involved with the manufacture of the compounds, her-
bicide applicators, and others in and around the agriculture com-
munity, the Vietnamese people and veterans serving the military during
the Vietnam conflict deserve to have the facts on exposure, dose and

risk presented to them in -a manner they can understand.
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CHAPTER 1
Phenoxy Herbicides, Their Use, Their Controversies

Phenoxy herbicides as weed control chemicals

Weeds have presented serious prbblems to human food production for
centuries. They infest home lawns and gardens and cause, among
others, the human allergies of poison ivy and hay fever. Commmonly,
weeds invade man's recreation areas and interfere with his fishing,
boating, golf courses, or parks. Rights-of-way for telephone. and
electrical power lines, failways, highway systems in addition to navi-
gational waterways and irrigation systems could be drastically
affected if weed growth was allowed total freedom,

In recent time, we have learned to successfully control many
serious weed problems with chemical control measures., Among these
chemicals are phenoxy herbicides which are very effective and economi-
cal control agents.

The first of the phenoxy herbicides to be discovered was
2,4-dichlorophenoxyacetic acid (2,4-D) whose synthesis was described
by Pokorny in 1941. Ahligren et al. (1951) described a series of alka-
Tine reactions which lead to the production of 2,4-D.

Use of 2,4-D as a plant growth regulator was shown in 1942,
Removal of dandelion, plantain and other broadleaved plants from a
bluegrass lawn following an application of 2,4-D was first reportéd in
1944 (Marth and Mitchell, 1944). Discovery of this concept of selec-
tivity and its potential for enhancing farm productivity through weed
control was a key motivating factor which prompted scientists in aca-

demia and several chemical manufacturers to initiate new research
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efforts. This series of events has played a vital role in helping the
U.S. build a sound economic foundation. The American farmer's output
has steadily risen as shown by the fact that one U.S. farm worker fed
16 people in 1950, 26 people in 1960, 47 people in 1970, and in 1978
fed 65 people (Farmline, 1980). The use of organic chemicals for weed
control and other pests has played a major role in this marked
increase in agricultural production. As shown in Table 1.1, the ton-
nage of phenoxy herbicides used has continued to rise (Bovey and
Young, 1980).

The ability of the formulation chemist to adapt the phenoxy mole-
cule to different field applications has added to the popularity of
the herbicides.

For a pesticide to have an optimum biological effect on its target
it must be permitted an opportunity to make contact with the organism.
Some of the formulations employed to put pure chemical pesticides into
a form facilitating field use include: wettable powders, emulsifiable
concentrates, dusts, granules, water-soluble concentrates, flowables
and aerosols (Van Valkenburg, 1967). The formulation chemist is
interested in achieving several goals. Assuming he has found a com-
patible mix that will readily pass through the applicating equipment,
he is interested in creating a spray solution with viscosity proper-
ties which will allow it to be retained on the foliage of the target
plant, to penetrate the tissues and to translocate within the plant.
Pesticide formulations and surfactants have primarily been designed to
provide a high level of biological activity on plants or other pests.

Most of the research which has been completed on the phenoxy
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Table 1.1. Production of 2,4-D and 2,4,5-T (Acid Basis), United States
1951-1971. Modified from Bovey and Young (1980).

Produced
2,4-D 2,4,5-T
Year x 106 kg x 106 kg
1951 9.4 1.1
1958 14.0 1.7
1959 13.3 2.5
1960 16.5 2.9
1961 19.7 3.1
1962 19.5 3.8
1963 21.0 R
1964 24.3 5.2
1665 28.7 5.3
1966 30.9 7.0
1967 35.0 6.6
1968 36.0 7.9
1969 21.4 2.3
1970 19.8 N.A.
19712 N.A. N.A.

Production data for 2,4-D and 2,4,5-T not available after 1970 to
avoid disclosure of individual company data.

Source. The Pesticide Review; 1969, 1970, 1971, 1972, and 1975, U.S.
Department of Agriculture, Agricultural Stabilization and Conservation

Servica.



herbicides has centered around determining how much to use, what
plants are most easily controlied, which are not affected, and how
long they remain active in the soil-plant-water environment,
Extensive information on the effects of phenoxy herbicides on mammals
in animal feeding studies has been gathered. Extrapolation of these
data from sensitive experimental animals provides much information
which can add to our understanding of their effects on humans.

Prior to 1978 only a few studies have been devoted to measuring
the exposure received by people who apply phenoxy compounds in the
field, As a result, Tittle information is readily‘available to the
field applicator about which formulations are most likely to penetrate
skin or those most likely to be present in the air.

Chemical properties of phenoxys

Atthough all compounds are volatile to some extent, in the case of
pesticides this property may represent a significant mechanism for
permitting the active component to penetrate at a biologically active

concentration to the most susceptible layer of the target organism.



Table 1.2. Vapor pressures of esters of some phenoxyacetic acid herbi-

cides,
C ‘ mn Hg
2,4-D methyl ester 25 3.5 x 10-4
35 1.1 x 10-3
2,4-D n-butyl ester 25 9,6 x 10-6
35 2.6 x 105
2,4-D Methyl Amine 38 8.9 x 10-10
2,4,5-T n-propyl ester 25 7.5 x 105
35 1.2 x 10-4

Vapor pressure of pesticides determines the maximum vapor con-
centration at the target site and also governs the rate the compound
may diffuse (Hamaker and Kerlinger, 1967). Volatile compounds with
relatively high vapor pressures, may be more efficacious in their
plant killing properties; thus, coverage within a canopy could be
supplemented as the compound vaporizes.

As shown in Table 1.2, the ester formulations of some of the phe-
noxy herbicides are markedly more volatile than amine salt for-
muylations. Movement of phytotoxic vapors away from the site of appli-
cation can damage crops and irritate neighbors, especially in areas
where several different kinds of crops are grown in close proximity.
Formulation of long chain ester herbicides has decreased the volati-

lity of the compound but still facilitates the entry of the herbicide
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into the plant tissues,

Formylations of the phenoxys include emulsifiable acid, amine
salts, mineral salts and esters. The concentration of these materials
are expressed on the basis of acid equivalents, i.e. that portion that
could be converted to the acid. Since the acid form is only slightly
soluble in water and the emulsifiable concentrate is relatively expen-
sive, only limited amounts of this formulation are used (Klingman and
Ashton, 1982)., The most commonly used of the phenoxys are the amine
salts. Characteristically these materials are white crystalline
solids that are readily soluble in water and present essentially no
volatility problem. As a Eontrast, phenoxy esters are essentially
insoluble in water but dissolve in petroleum oils. Esters made by
using alcohols with one to four carbons are no longer used due to the
high volatility of the phenoxy moiety. Today more expensive, long
chain alcohols with an ether linkages {-0-)} are used in the for-
mulations to lower the volatility hazard (Klingman and Ashton, 1982).
The ester forms are often preferred over the amines since the esters
are much more effective on some species - especially woody plants., It
should be emphasized that the high molecular weight alcohols are now
used to make phenoxy esters with reduced volatility; although these
esters are low volatile they may, under hot, humid conditions, still
volatilize enough to injury highly susceptible plants (Klingman and
Ashton, 1982). Since esters are more phytotoxic, more caution is
required to ascertain that excessive levels are not used, killing
susceptible plants where specificity is desired. Three possible

explanations for the enhanced toxicity to plants from ester for-
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mulations include: (1) volatility permits absorption of the gases
through leaf stomates, (2) wetting action of the oil-like ester and
the 0il carrier may aid penetration and (3) ester forms, with their
low polarity, are compatible with the cuticle and aid penetration
through it (Klingman and Ashton, 1982). Thus, it seems likely that
man's skin surfaces would also be more susceptible to penetration of
the phenoxy compounds when formulated as the ester form.

When the ester and amine formulations are compared with respect to
potential for exposure to man, the more volatile ester formulations are
more likely to be present in the air of man's breathing zone. If skin
contact occurs, the more soluble compounds will be more likely to be
absorbed. Polar perspiration would aid in solubilizing the amine salt
phenoxy formulations. However, oiiy skin surfaces of humans would
tend to solubilize-ester formulations of the phenoxy compounds,

Surfactants are classified as cationic, anionic or ionic. In
general, they consist of a hydrophobic and hydrophilic section. This
unique combination of polar and non-polar properties provide surfac-
tants with the ability to emulsify, disperse, spread, wet, or solubi«
lize, thus enhancing herbicidal action through increased foliar
penetration (Foy and Smith, 1967). Freed and Witt (1967), in Table 3,
present data showing that the energy required for plants to absorb

herbicide is reduced in the presence of surfactants.
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Tabie 1.3. Effect of surfactant on absorption energy. (Freed and Witt,
1967).

Ealkcal/mole)
Herbicide Without surfactant With surfactant
Picloram 18.9 -
D icamba 12.0 10.4
2,4-D 6.5 3.0

Considerable time and study have been devoted to evaluating
enhanced herbicidal action due to surfactants, however, little is
known with regard to any inadvertent exposure man may receive during
application processes or other times he comes into contact with
surfactant-phenoxy herbicide mixtures. Since Smith and Bayer (1966)
have shown that diuron leaching in a soil column can be increased or
decreased by the kind and rate of surfactant added, several interac-
tions are possible. Thus, theoretically someday it may be conceivable
that phenoxy herbicides or other pesticides could be optimized for
penetrating plant tissues and minimized for passing man'‘s skin.

Commercial uses of phenoxy herbicides in the United States

Annual and perennial broadleaf weeds in non-cropped areas, as well
as in tolerant crops, are routinely controlled using 2,4-D for-
mulations. This compound is used extensively in the cornbelt and for
small grain production. Much of the cropland acreage is treated

with 2,4-D as a postemergence application after the weeds are rapidly



growing. Postemergence application rates are routinely 0.5 lb/acre
or less; at rates above 1 lb/acre this compound will serve as a
preemergence herbicide, thus killing weeds as they germinate. A
drawback to this means of application is the relatively short residual
1ife of 2,4-D in the soil.

The forest industry has relied heavily on the use of 2,4,5-T for
vegetation control. Bans on the use of this material for forestry
applications has had a negative impact on timber production. Of the
nearly 500 million acres of commercial forest land in the United
States less than half of this is available for timber production. In
1972 the U.S. imported 11% of the U.S. consumption of wood (USDA,
1982).

As a consequence of the ban of 2,4,5-T use in forestry and accom-
panying problems associated with aerial spraying of U,S. forest lands,
vast acreages of potentially excellent production sites became
povergrown by undesirable, much less productive woody vegetation. On
these sites eighteen inch tall, 4-year-old pine seedlings that could
have attained heights of 5 to 7 feet or more are pressed to compete
for sunlight, water, and fertility. WNewer, more expensive compounds
and other application means are being used to remedy the problems in
some of these areas. In many cases mechanical means such as chain
saws or machetes have been used in an attempt to eliminate undesirable
species. In addition to this being an extremely costly and dangerous
task for man, the competitive advantages seldom lasts for more than
one growing season.

Table 1.4 (USDA, 1982) shows aerial application if possible, would
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be the primary tool for utilizing 2,4,5-T in the South, Rocky
Mountains, and Pacific Coast while in the North individual stem treat-

ment (hand applied) would be the preferred application method.

1-10



Table 1.4, Estimated annual potential use of 2,4,5-T on commercial
forest land by section, application purpose, and application method.
(USDA, 1982).

North South
Purpose and Appli- Appli-
application cation cation
method Present Potential rate Present Potential rate
(Acres) (1b ae/ —~—{Acres) (1b ae/
acre) acre)

Site preparation
and rehabilitation
Aerial appli- .
cation 1,500 40,600 2-3 200,000 585,700 2-4
Broadcast ground 1,200 5,400 3-4 131,050 336,500 2-4
Individual stem 30,000 89,400 1-3 19, 300 65,100 4-6

Total 32,700 135,400 - 350,350 987,300 --

Release and TSI
Aerial appli-

cation 0 32,200 1-2 414,000 1,083,100 2
Broadcast ground 1,650 9,300 2 17,000 42,600 2-4
Individual stem 62,200 256,500 1/4-2 8,250 31,900 2-6
Total 3,850 298,000  -- 39,250 1,083,100 -~

Fuel breaks
Aerial appli~-

cation 0 0 - 0 0 --
Broadcast ground 200 700 2 0 0 --
Individual stem 0 10 2 0 0 --
A1l purposes
Aerial appli-

cation 1,500 72,800 - 614,000 1,594,300 --
Broadcast ground 3,050 15,400 -- 148,050 379,100 --
Individual stem 92,200 345,910 - 27,550 97,000 --
Total %,750 434,110  -- 739,600 2,070,400 --

Rocky Mountains Pacific Coast

Site preparation
and rehabilitation
Aerial appli-

cation 20 4,400 2-3 29,142 57,184 2-4
Broadcast ground 0 800 2 1,369 3,670 3-4
Individual stem 0 0 2 489 3,746 2-3
Total 20 5,200 -- 31,000 64,600 -~
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North South

Purpose and Appli- Appli-
application cation cation
method Present Potential rate Present Potential rate

Release and TSI
Aerial appli-

cation 220 13,400 1-2 231,872 600,330 2
Broadcast ground 0 2,400 2 9,519 21,126 2
Individual stem 0 ' 0 1-2 4,609 15,844 1-3

Total 220 15,800 - 246,000 ~ 537,300 --

Fuel breaks
Aerial appli-

cation 0 0 -~ 0 6,000 2-4
Broadcast ground 0 0 -— 800 3,700 2-4
Individual stem 0 0 - 70 400 4
A1l purposes
Aerial appli-

cation 240 17,800 -- 261,014 563,514 --
Broadcast ground 0 3,200 - 11,688 28,496 --
Individual stem 0 0 - 5,168 19,990 --

Total 130 1,000 - 217,870 — 612,000 --

lae = acid equivalent.

Pastures and rangelands. Grazing lands are a vital natural

resource of the U.S. They are used not only for forage production but
also for watersheds, soil and water conservation, lumber, medicinal
compounds, mining and recreational purposes. This land is often used
only for grazing since it is too steep, too wet, too shallow, too
cold, too dry, or too acid to be important for growing other crops.
The relatively low cost of the phenoxy herbicides and the wide
spectrum of broadleaved weed control have contributed significantly to
the popularity of this group of chemicals for forage and pasture weed
control, Pastures are subject to being invaded by many different spe-
cies of woody plants., If an extensive woody plant problem was present

on a minimum acreage ground application, equipment could be used to
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apply a broadcast treatment. More commonly, land owners spot treat
woody plants in cultivated pastures as they appear, thus minimizing
the amount of 2,4,5-T required (USDA, 1982).

Rice production. Rice production has relied heavily on the use of

2,4,5-T for weed control, The 2.5 million acres of rice the U.S.
located primarily in Arkansas, Louisiana, Texas, Mississippi, and
California. Broadleaf aquatic weeds have been effectively controlled
by this compound; 28 percent of the rice acres in this four-state area
has relied on the use of 2,4,5-T. A rate of 1 1b/acre is commonly
used for weed control, resulting in anm annual application of 300,000
pounds 2,4,5-T. Silvex, another chlorinated phenoxy herbicide, is
also effective in controlling this broadleaf aquatic weed complex
(USDA, 1982).

In 1983 rice was the only U.S. produced commodity for human con-
sumption that could legally be spraved with 2,4,5-T during its produc-
tion. However, all routine domestic uses of this compound was ceased
in September, 1984,

Phenoxy herbicide use in rights-of-way management in the United

States. Good vegetation management programs are critical to the
nation as they ensure the safety, security, and reliability of our
rights-of-way systems, Major rights-of-way types include railroads,
highways, pipelines, and electrical transmission lines. They supply
our needs for food, fuel, communication, energy, and many other
items.

Estimated rights-of-way acreage in each of the major categories

are listed: Railroads - 2.4 million acres; highways - 21.7 million
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acres; pipelines - 2.2 million acres; and electrical utilities - §
million acres; this makes up 31.3 million acres or nearly 1l percent of
the total U.S. acreage (USDA, 1979). Annual treatment with 2,4,5-T
occurred on more than 680,000 acres annually.

Ground application equipment was usually used when 2,4,5-T was
applied to highways and railway rights-of-way areas while electri-
cal and pipeline utilities relied more heavily on aerial means of
application.

Use of 2,4,5-T resulted in decreased soil erosion since Tittle soil
erosion or compaction occurs due to a lack of site disturbance. If
bulldozers or other large Tand clearing devices were required to clear
the vegetation soil erosion would be increased markedly. Use of
2,4,5-T and other phenoxy compounds for vegetation management has
generally enhanced wildlife activity in treated areas (USDA, 1982).

Other uses. Other extensive areas of phenoxy herbicide use
include drainage ditches, canals, channels, recreational areas, and
other waterways where brush control is important.

Selectivity

The selectivity of phenoxy herbicides to control broadleaf
plants in the presence of grasses or grain crops is one of the impor-
tant reasons they phenoxy herbicides have gained in popularity.

Ashton and Harvey (1971) suggested that a herbicide is selective
to a particular crop only within certain limits. These limits are the

‘result of an interaction between plants, herbicides, and the environ-
ment. Significant factors affecting plant responses to a chemical

include: rate of plant growth, shape and chavacteristics of leaf sur-
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faces, amount of chemical taken up by the plant, how it moves in the
plant, and deactivation in the plant.

The molecular configuration of the herbicide and its concentration
are important factors governing the ability of the compound to kill
the desired plant,

How do phenoxy herbicides kill plants?

When these compounds kill plants they penetrate into leaves,
stems, or roots; are absorbed into the plant's living protoplasm;
migrate across surrounding tissues to the vascular channels; and
trasnlocate from the point of entry to the actively growing portion
where plant death beings. Ashton and Crafts noted that

Final death of plant tissues may result from contact action;

most characteristic of the 2,4-D light ester or amine for-

mulations on foliage. It may result from extreme hormone-

tike response giving rise to tumorous tissues, excessive

production of buds or root initials, softening of root cortex

and general degeneration where concentrations are not suf-
ficient to cause direct death, crushing and plugging of

vascular tissues may result in a slower death from lack of

nutrients normally supplied via these tissues (Ashton and

Crafts, 1973).

Although phenoxy compounds are also effective as weed killers
after  they have been applied to the soil, the mode of action asso-
ciated with their removal from the soil-solution complex, transloca-
tion through root systems, and subsequent plant killing steps are less
well understood.

Advantages of using phenoxy herbicides

The family of chlorophenoxy herbicides has gained worldwide accep-
tance for several reasons. Among these reasons are 1) Tow rates are

effective in killing a wide spectrum of broadleaf plants, 2) they
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are readily adaptable for many different formulations, 3) they degrade
rapidly in the environment and 4) the vast quantities used and the
advances in technology have allowed the phenoxy compounds to compete
favorably from an economical standpoint,

Controversies associated with the phenoxy herbicides

In view of the positive aspects of the phenoxy compounds, why is
there any controversy? Confusion abounds and misinformation is common
with regard to this subject. One of the goals of this book is to pre-
sent facts and allow the reader to place them in their proper perspec-
tive.

During production of 2,4,5-trichlorophenol which is used to make
some of the chlorophenoxy herbicides an undesirable by product is
formed. As a group these compounds are commonly referred to as
dioxins. Qften the term dioxin, TCDD and 2,3,7,8~tetrachliorodibenzo-
p-dioxin are used interchangeably as synonyms. Since there are eight
possible locations for chlorine atoms on the dioxin molecule there is
the possibility of 75 different dioxin isomers being formed and 22 of
these could contain 4 chlorine atoms and be labeled as tetrach-
lorinated dioxins {(Halperin et al., 1982}. The tetrachlorinated
dioxin molecule with chlorine atoms in the 2,3,7, and 8 positions is
the most toxic of the known dioxin members,

Any of the dioxins containing four chlorine atoms can correctly be
called TCOD, The 1,2,3,4 TCOD is oniy 1/50,000th as toxic as its
2,3,7,8 relative which appears from animal studies to be the most
toxic of the dioxin isomers studied to date {(International Agency for

Research on Cancer, 1978). Costly special mass spectrophotometers are
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required to quantify and differentiate between the different TCODs.
For further discussion in this monograph the term TCOD will be reser-
vesed specifically for the 2,3,7,8 isomer.

By proper regulation of pressure, temperature and solvent con-
ditions the level of TCDD contamination in 2,4,5-T can be minimized.
In 1964 the Dow Chemical Company became aware of TCDD contamination in
2,4,5-T, At that time they closed their production facilities and
made major modifications in the reaction conditions for synthesis of
trichlorophenol and by late 1965 Dow Chemical had developed technology
that permitted production of 2,4,5-T containing 1 ppm or less TCOD
(Young et al, 1978). |

Dioxins also re;u]t from sources other than phenoxy herbicides.
Recent research conducted at the University of Amsterdam and in the
U.S. has shown that chlorinated dibenzodioxins, which includes TCDD,
can be formed on combustion in municipal incinerators and by heating
chlorophenols (Rappe et al. 1979).

Pentachlorophenol, a commonly used preservative for wood products,
is contaminated during manufacturing processes with hexa, hepta, octa,
and possible tetra-chlorinated dioxins (Plimmer, 1973, Buser and
Bosshardt, 1976).

TCOD and phenoxy herbicide news items

Following is a list of items concerning the phenoxy and associated
dioxins which have caught public attention during the past 30 years:

Chick Edema Disease, 1955

Bionetics Institute's Report on 2,4,5-T teratogenicity

Use of 2,4,5-T and TCOD in Vietnam
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Claims of Vietnamese Birth Defects

Swedish Lapland

Globe, Arizona

EPA Alsea II

Missouri Horse Arena

Seveso, Italy Explosion and Other Accidents
On Going Concerns for Veterans

Chick edema disease. Sanger et al., (1958) reported a new

{undiagnosed) disease responsible for killing millions of chickens in
1957. Only a few similar problems were described until 1969, At that
time soapstock, a by product from refining crude vegetable oil, was
the source of the toxic substance, Firestone et al (1971) found that
chlorophenols used in antimicrobial water treatment had contaminated
the feed fat. Research stimulated by these findings now allows com-
mercial vegetable o0ils to be filtered through activated carbon filters
to remove any dioxins which may be formed as a by product from
refining crude vegetable oil (Mounts, 1976).

Findings of bionetics research laboratories. Studies conducted

for the National Cancer Institute by the Bionetics Research
Laboratories in 1969 revealed that rats or mice given relatively large
oral doses of 2,4,5-T during the early stages of pregnancy showed a
higher than average number of deformed offspring (Allen et al,, 1977).
This research triggered Dr. Lee A, DuBridge, Science Advisor to the
President and Executive Secretary of the President's Environmental
Quality Council, to state that the “Department of Agriculture will

cancel registration of 2,4,5-T for use on food crops effective January
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1, 1970, unless by that time the Food and Drug Administration has
found a basis for establishing a safe, legal tolerance in and on
foods" (Bovey and Young, 1980). Immediately after this announcement
of 2,4,5-T registration cancellation, the Department of Defense
suspended the use of Herbicide Orange in Vietnam (Anonymous, 1977;
Bovey and Young, 1980).

Following this announcement and restrictions on 2,4,5-T a closé
evaluation was made of the Bionetic's findings, since 2,4,5-T had had
an excellent health record. It had been used in agriculture for over
20 years with no claims of human or other animal problems. Close
scrutiny of the Bionetics Research Laboratory findings showed that the
2,4,5-T used was an old sample from a company no longer producing
2,4,5-T. The compound used contained 27 +8 ppm TCDD. This level was
well in excess of the TCDD levels occurring in 2,4,5-T being produced
by other companies at that time. In an attempt to reproduce results
to those reported, the Dow Chemical Company conducted a study in con-
sultation with scientists at the National Institute of Environmental
Health Science Laboratires at Research Triangle, North Carolina. The
only planned deviation in the study was to substitute regular produc-
tion grade 2,4,5-T. Results of these studies showed that 2,4,5-T of
regular production grade did not cause birth defects in rats at 24
mg/kg/day administered orally on days 6 through 15 of gestation (Bovey
and Young, 1980},

Claims of Vietnamese health problems. The reports from the

Bionetics Research Laboratories, Dr. Lee DuBridges' consequent

actions, the fact that 2,4,5-T used in the U.S. war effort contained
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low levels of the TCOD contaminant caused concern in Vietnam for the
possibility of increased birth defects due to exposure to 2,4,5-T.
Independent surveys were conducted by Cutting et ai. (1970} and
Meselson et al, (1971)., In 1971 an Advisory Committee on 2,4,5-T eva-
luated the two studies mentioned above for U.S. Environmental
Protection Agency (Advisory Committee, 1971), A summary of the eva-
Tuation follows:

Summarizing the Vietnam data on human embryotoxicity, it said that
(1) the sample of births surveyed was from year to year a variable but
usually very small fraction of the total number, (2) it was quite
unrepresentative of the geographic and ethnic distributions, {(3) the
heavily sprayed and otherwise exposed areas were greatly underrepre-
sented, and (4) the birth records were not trustworthy and, therefore,
the rates of stillbirth, and especially of codgenital malformation,
derived from them were equally unreliable. For example, the overall
congenital malformation rate found in South Vietnam, 4.91 per 1000
live births, is about half of what was reported in other studies in
various parts of Asia, and possible a quarter of what might actually
exist at term. A further indication that the newborn children were
not carefully examined is the absence of Down's syndrome in the 1ist
of specific malformations compiled by the Army survey (Cutting et al.,
1970) despite the fact that some Oriental populations have been
reported to have an incidence of this condition not unlike that in
Western populations.

There is, and can be, no precise knowledge of the exposure to

2,4,5-T (and hence, TCOD) experienced by pregnant South Vietnamese
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women, including what amounts they ingested or absorbed and when this
may have occurred during pregnancy. Consequently, attempts to accura-
tely relate birth defects or stillbirths to herbicide exposure can not
be made. The detailed searches reported by Cutting et al. (1970)
almost certainly would have shown any marked increase in the incidence
of birth defects if they had occurred.

The incident at Globe, Arizona. Soon after the U.S. Forest

Service applied 1670 kg Silvex and 54 kg 2,4,5-T in the Kellner-Canyon
Gulch Spray Project near Glove, Arizona reports of harmful effects on
human and other animals were made (Tschirley et al., 1970). These
claims were investigated by the U.S. Forest Service, but many of the
Tocal residents did not agree with the report of the investigation and
in February, 1970 the incident attracted naticnal attention,
Television coverage showed deformities in animals which allegedly had .
been caused by the herbicides. A public hearing was held on February
13, 1970. An account by Time Magazine (Anonymous, 1970) indicated
that the local veterinarian insisted that he had noticed nothing out
of the ordinary in local animals. Local medical doctors could find no
relationship between the spraying and the ilinesses. Time also
reported that the investigators holding the public hearing ended up
perplexed., The investigators were accused by some local townspeople
of being imposters, really representatives of chemical companies.

The QOffice of Science and Education, USDA further investigated the
charges. Results of this investigation were published by Tschirley et
al. (1970). Roan and Morgan (1972} in a subsequent report of the

investigation concluded:
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We cannot find any evidence that there was long term exposure
of resident of the Globe, Arizona area to chlorophenoxy her-
bicides, or significant contamination of water supplies in
this area with 2,4-D, 2,4,5-T, stlvex, or metabolites of
these herbicides. Nor have we found contaminants such as
TCOD that may be associated with one or more of the above
technical grade products., Statistics on reproductive mor-
tality and morbidity for the period 1960 through the first
'$ix months of 1970, from one hospital serving this area do
not indicate any trends that are suggestive of adverse
influences on human reproductive function that might be asso-
ciatfgﬁgith herbicide use during the years 1965, 1966, 1968,
and .

Reindeer in Swedish Lapland. Sudden deaths of reindeer grazing on

2,4,5-T treated vegetation was reported in the Swedish Lapland during
the spring of 1970. MWithin a week of a heavy snowfall app